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Abstract
We have shown that the Landau paradigm based upon both the quasiparticle concept and the notion of the order
parameter can be used to explain the anomalous behavior of heavy fermion metals. Exploiting this paradigm and the
fermion condensation quantum phase transition (FCQPT) we show that this anomalous behavior is universal and
can be used to capture the essential aspects of recent experiments on the heavy-fermion metals at low temperatures.
Behind FCQPT a tunneling conductivity between a heavy fermion metal and a simple metallic point can be
noticeably dissymmetrical with respect to the change of voltage bias. We show that at T = 0 and beyond FCQPT
the Hall coefficient undergoes a jump upon magnetic-field tuning HF metals.
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Experiments on heavy-fermion (HF) metals explore
mainly their thermodynamic properties which proved
to be quite different from that of ordinary metals de-
scribed by the Landau Fermi liquid (LFL) theory. In
the LFL theory, considered as the main instrument
when investigating quantum many electron physics,
the effective massM∗ of quasiparticle excitations con-
trolling the density of states determines the thermody-
namic properties of electronic systems. It is possible to
explain many of the observed properties of the HFmet-
als on the basis of FCQPTwhich is in harmonywith the
Landau paradigm resting upon both the quasiparticle
concept and the notion of the order parameter. In con-
trast to the conventional Landau quasiparticles, these
are characterized by the effective mass which strongly
depends on temperature T , applied magnetic field B
and the number density x of the heavy electron liquid
of HF metal.
To study the universal behavior of the HF metals
at low temperatures we use a heavy electron liquid
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model in order to get rid of the specific peculiarities of
HF metals. Since we consider processes related to the
power-low divergency of the effective mass, this diver-
gency is determined by small momenta transferred as
compared to momenta of the order of the reciprocal
lattice, and the contribution coming from the lattice
can be ignored. We start with the well-known Landau
equation determining M∗(T,B)
1
M∗(T,B)
=
1
M
+
∫
YF (pF,p1)
∂n(p1)
∂p1
dp1
(2pi)3
. (1)
For brevity, we omit spin variables. Here Y =
(pFp1)/p
3
F , F (pF,p1) is the Landau amplitude de-
pending on the momenta p, pF is the Fermi mo-
mentum, M is the bare mass of an electron, and
n(p1, T,B) is the quasiparticle distribution function.
Applying Eq. (1) at T = 0 and B = 0, we obtain the
standard result M∗(x) = M/(1 − N0F 1(pF , pF )/3).
Here N0 is the density of states of the free Fermi gas
and F 1(pF , pF ) is the p-wave component of the Lan-
dau interaction. Since in the LFL theory x = p3F/3pi
2,
the Landau amplitude can be written as F 1(pF , pF ) =
F 1(x). Assume that at some critical point xFC the
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denominator (1 − N0F 1(x)/3) tends to zero, and one
obtains thatM∗(x) behaves asM∗(x)/M ∝ 1/r. Here
r = (x − xFC) is the “distance” from the QCP of
FCQPT taking place at xFC .
At r → 0 and T < T ∗(B − Bc0) ∝ (B − Bc0), the
system has the LFL behavior and a qualitative analysis
of Eq. (1) shows that M∗(B) ∝ (B − Bc0)−2/3. Here,
Bc0 is the critical magnetic field which drives both a
HF metal to its magnetic field tuned QCP and the cor-
responding Ne´el temperature TN → 0 [1]. At elevated
temperatures the system demonstrates two types of
the non-Fermi liquid behavior (NFL): at T ∼ T ∗(B)
M∗(T ) ∝ T−2/3, and T > T ∗(B) M∗(T ) ∝ 1/
√
T .
These mentioned regimes can be observed in measure-
ments of the resistivity, ρ(T ) = ρ0 + ∆ρ. Here, ρ0 is
the residual resistivity, ∆ρ = A(B)T 2, and A(B) ∝
(M∗)2. The first LFL regime is represented by ∆ρ1 ∝
T 2/(B − Bc0)4/3 ∝ T 2; the second NFL one is char-
acterized by ∆ρ2 ∝ T 2/(T 2/3)2 ∝ T 2/3; and the third
NFL one is represented by ∆ρ3 ∝ T 2/(
√
T )2 ∝ T . All
these regimes were observed in recent measurements
on the HF metals, see e.g. [2]. Considering the ratio
∆ρ2/∆ρ1 ∝ ((B − Bc0)/T )4/3, we conclude that the
ratio is a function of only the variable (B − Bc0)/T
representing the scaling behavior. This result is in ex-
cellent agreement with experimental facts [2].
Beyond the critical point xFC the distance r be-
comes negative making the effective mass negative. To
escape the possibility of being in unstable and mean-
ingless states with the negative effective mass, the sys-
tem is to undergo FCQPT quantum phase transition
at the critical point x = xFC [1]. At x < xFC the
quasiparticle distribution is determined by the stan-
dard equation to search the minimum of a functional
δE[n(p)]/δn(p, T = 0) = ε(p) = µ; pi ≤ p ≤ pf .
This equation determines the quasiparticle distribu-
tion function n0(p) which delivers the minimum value
to the ground state energy E. n0(p) does not coin-
cide with the step function in the region (pf − pi), so
that 0 < n0(p) < 1,while pi < pF < pf . This special
behavior of n0(p) determines the behavior of system
at T < Tf , with Tf being the temperature at which
he influence FCQPT vanishes. At T = 0, the relevant
order parameter is the superconducting-like, κ(p) =√
n0(p)(1− n0(p)), with the entropy S = 0 [1]. At 0 <
T < Tf , the entropy can be approximated as S(T ) ≃
S0 + a
√
T/Tf , a is a constant. This temperature inde-
pendent term S0 determines the specific NFL behavior
of the system. For example, the thermal expansion co-
efficient α(T ) determined by the contribution coming
from S0 becomes constant at T → 0 while the specific
heat C ∼ a
√
T/Tf . As a result, the Gru¨neisen ratio Γ
diverges Γ = α/C ∝ 1/
√
T . Then, at T < Tf , a tunnel-
ing conductivity between a heavy fermion metal and
a simple metallic point can be noticeably dissymmet-
rical with respect to the change of voltage bias [3]. At
T < T ∗(B−Bc0) ∝
√
B −Bc0, the application of mag-
netic field B restores the LFL behavior, the effective
mass becomes M∗(B) ∝ 1/√B −Bc0, and the coeffi-
cient A ∝ 1/(B − Bc0) [1]. At T = 0, the application
of the critical magnetic field Bc0 suppressing the anti-
ferromagnetic state (AF)(with the Fermi momentum
pAF ≃ pF ) restores the LFL with the Fermi momen-
tum pf > pF . Both AF and LFL have the same ground
state energy being degenerated at B = Bc0. Thus, at
T = 0 and B = Bc0, the infinitesimal change in the
magnetic field B leads to the finite jump in the Fermi
momentum. In response the Hall coefficient RH ∝ 1/x
undergoes the corresponding sudden jump.
As an illustration of the above consider the T − B
phase digram for YbRh2Si2 [4] (Fig. 1). Taking into ac-
count that the behavior of YbRh2Si2 strongly resem-
bles the behavior of YbRh2(Si0.95Ge0.05)2 [5], we can
conclude that both the above described T −B diagram
and the behavior of the Hall coefficient RH are in good
agreement with experimental facts [4,5].
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Fig. 1. Line separating AF and the NFL state is a guide
to the eye, line separating the NFL and the LFL phases
T
∗(B − Bc0) ∝
√
B − Bc0 [1].
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